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ABSTRACT

A spatio-textual search engine, termed “STEWARD” is demon-
strated where document similarity is based on both the textual
similarity as well as the spatial proximity of the locations in the
document to the spatial search input. STEWARD'’s performance
is enhanced by the presence of a document tagger that is able
to identify textual references to geographical entities. The user-
interface of STEWARD provides the ability to browse results,
thereby making it a valuable “knowledge discovery” tool.
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1. INTRODUCTION

Search technology today is dominated by search engines such
as the one provided by Google where documents are retrieved
with the aid of an algorithm that ranks documents related to
the query string on the basis of how many other documents link
to it. We are interested in developing a search engine where
the query string contains a geographical entity and we wish to
find other documents that are related to it by spatial proximity.
For example, a document containing “Los Angeles” is deemed
relevant to a query string containing “Hollywood”, even though
the query string “Hollywood” might not even be mentioned in
the document. In this paper we describe a demo of STEW-
ARD (denoting “Spatio-Textual Extraction on the Web Aiding
the Retrieval of Documents”), a spatio-textual search engine for
retrieval of documents on the HUDUSER.ORG web site under
development at the University of Maryland in cooperation with
the Office of Policy Development & Research of the Department
of Housing and Urban Development (HUD PD&R).

2. STEWARD

Queries to STEWARD can have a purely geographical compo-
nent, a keyword component, or a combination of both. When the
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query string is purely a geographical entity, we wish to find docu-
ments that are related to it by spatial proximity. The documents
that are returned are ranked by the extent to which STEWARD
determines that the geographic entity that forms the query string
serves as the geographic focus of the document. This is based on
many factors which include the number of times that the search
string or proximate geographic locations are mentioned in the
document.

STEWARD'’s notion of a geographic focus differs from much of
the existing work in this area which has been cast in terms of
finding the geographic scope of web sites which contain one or
more documents and is usually done by examining their link
structure. Instead, our focus is on the actual contents of doc-
uments. Moreover, we are not only interested in finding a geo-
graphic focus sufficiently general to span the entire document,
but instead also wish to identify as many geographical locations
as possible as well as provide the ability to browse through the
documents in order of spatial proximity to the designated key-
words.

STEWARD uses a document tagger built by us to identify po-
tential references to geographic locations in unstructured text
documents. The tagger is aware of sentence structure so that
proper nouns can be determined. The determination of which of
these nouns or word combinations are indeed geographic loca-
tions is facilitated with the aid of a gazetteer such as that avail-
able in GNIS for the United States and its analog GEONET
for foreign names. Of course, there is still the issue of distin-
guishing between multiple locations with the same name such
as, for example, “Springfield, IL” and “Springfield, MA”  which
is non-trivial.

When the queries consist only of a non-geographic keyword, then
STEWARD ranks the documents on the basis of the strength of
the occurrences of the keyword in them. In addition, in this case,
STEWARD also identifies all of the references to geographic lo-
cations in each document and ranks them in the order in which
it determines that they serve as the geographic focus of the doc-
ument. This is based, in part, on the frequency of their oc-
currence, as well as the distribution of their occurrences in the
documents.

When a geographic location is presented as input to STEWARD
along with input keywords, the relevant documents (i.e., the ones
containing an instance of the input keywords) are ranked in in-
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Figure 1: Example screenshot of the STEWARD system.

creasing order of distance of their geographic focus from the geo-
graphic location component of the query string. The geographic
location component of the input query can be expressed in terms
of latitude/longitude or as a textual reference to a spatial ob-
ject. For example, the user could search for “Housing Projects”
in the vicinity of “College Park, MD”. The results would only re-
turn such documents that qualify both the content and location
specifier that was provided to the system by the user.

A preliminary version of the STEWARD system is currently be-
ing deployed on the HUDUSER.ORG web site and is available to
anyone with an Internet connection through an interactive user
interface written in HTML and AJAX. Figure 1 shows a screen-
shot of the user-interface of the STEWARD system running on
the Mozilla Firefox browser in response to a purely textual query
seeking all documents containing the keyword “colonias” which
are settlements lying primarily along the US-Mexico border.

From the figure we see that the user-interface is divided into
three panes (i.e., regions). The top pane is being used to specify
the query parameters via text boxes for the textual keyword
as well as a location, which is optional. The left pane shows
the documents that satisfy the textual keywords, along with a
small extract showing the context in which the keyword is found.
The right pane positions the documents that satisty the textual
keyword in the query on the map using icons at positions that
STEWARD has determined to be their geographic focus. In
this case, we find that the geographic foci of these documents do
indeed lie on the US-Mexico border, which is not surprising, but
it is reassuring that STEWARD has correctly identified them. In
addition, the right pane can be used to input the desired location
for the geographic scope of a query. Documents that satisfy the

textual keyword are reported in increasing order of the distance
of their geographic focus from the query point. Notice the clean
separation of the textual results from the spatial results in the
user interface.

STEWARD also enables users to browse through the relevant
documents that it has found, and to highlight, in sequence, all
occurrences of the keyword. In addition, each of the relevant
documents can be browsed to show all occurrences of each of
the geographic locations that it has found in the document, or to
show the most important occurrence of each of these geographic
locations. In the former, STEWARD simply provides an extract
of the context in which the location appears, while for the latter,
a pointer to the geographic location is also provided along with
the extract.

3. CONCLUDING REMARKS

Many enhancements are planned to increase the power of
STEWARD as well as its user interface. In particular, the spa-
tial querying capability of STEWARD will be augmented to in-
clude capabilities present in the SAND Spatial Browser [1]. This
also includes adding the ability to draw the extent of the spatial
queries on the map rather than being restricted to a textual spec-
ification. Moreover, a mechanism for users to provide feedback
on the quality of the search will be added.
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